Herpes simplex virus (HSV) infection of mouse liver after partial hepatectomy was studied. Partial hepatectomy resulted in the rapid onset of cellular DNA synthesis and the appearance of many mitotic figures (peak, 3 days after surgery). Similar changes were not seen in control animals. After partial hepatectomy, the mice were infected with thymidine kinase-positive (TK+) and -negative (TK-) HSV to investigate virus titers in liver tissue during liver cell replication. In control unoperated mice, liver titers of TK+ HSV (2 x 103 PFU/g) were greater than those of mice inoculated with TK-HSV (4 x 101 to 5 x 102 PFU/g). After partial hepatectomy, TK+ and TK-HSV titers increased, and peak TK+ and TK-HSV titers were similar (6 x 105 to 8 x 105 PFU/g). Hepatic infection was further investigated by infectious center (IC) assays. The numbers of ICs for TK+ HSV increased 50-fold after partial hepatectomy, whereas the increase was less for TK-HSV. From the results of these studies, we hypothesize that the increase in hepatic TK+ HSV after hepatectomy may have been largely due to the increase in ICs, whereas the increase in hepatic TK-HSV was due, in part, to the increase in ICs, but may also have been due to the enhanced synthesis of TK-HSV in replicating liver cells.
The pathogenesis of herpes simplex virus (HSV) is currently an area of great interest. In investigations of experimental HSV infection, we and other workers have provided evidence of the apparent importance of HSV thymidine kinase (TK) expression (4, 10, 14, 15) . It had previously been reported that TK-negative (TK-) HSV replicated well in cell culture in dividing cells but not in nondividing cells (7) . Based in part on this and on our studies of impaired trigeminal ganglion (neuron) infection by TK-HSV, we hypothesize that in HSV pathogenesis, viral TK expression is important in the establishment of latent neuronal infection (14) . To further investigate HSV TK-and TK+ infection in vivo in dividing and nondividing cells, we studied HSV infection in mouse liver cells induced to replicate rapidly by partial hepatectomy.
After the surgical removal of two-thirds to three-fourths of the liver (partial hepatectomy), rapid cell replication and regeneration of the liver ensue (1, 2, 6) . In normal unoperated animals, the replication of differentiated hepatocytes (which comprise the great majority of cells in the liver parenchyma) occurs at a low rate, and mitotic figures are not seen. After partial hepatectomy, however, cellular enzymes (1, 3, 9) , DNA synthesis (3, 9) , and the number of mitotic figures (2, 9) rapidly increase as the liver regenerates. We took advantage of the liver cell replication induced by partial hepatectomy to investigate the in vivo effect of cellular replication on TK+ and TK-HSV infection.
MATERIALS AND METHODS
Viruses, virus inoculation, and isolation. HSV type 1 (HSV-1) strain KOS (TK+), a TK-mutant of this virus (KOS TK-), and the B2006 TK-mutant of S. Kit (Baylor College of Medicine, Houston, Tex.) were grown in primary rabbit kidney cells, and the titration of stocks and isolates was performed in rabbit kidney cells. TK assays were performed on lysates of lytically infected TK-cells as described previously (15) . Thymidine (TdR) phosphorylation by the TK+ KOS virus was 57 pmol/mg per 20 min; TK-KOS and TK-B2006 values were 2 and <1% of this, respectively. The mice were inoculated intraperitoneally (i.p.) with 106 PFU of virus and killed by exsanguination under ether anesthesia. Liver tissue was removed, and after being washed in Hanks balanced salt solution, approximately 100 mg of tissue was used to make a 10% homogenate in medium containing 10% serum. After clarification, supernatants were titrated under 0.5% methylcellulose medium. From infectious center (IC) assays, liver was collected as described above, and after trypsinization, filtration, and cell counting, suspensions of 104 cells per ml were titrated.
Animals and methods of partial hepatectomy. Fiveto seven-week-old random-bred male and female CD-1 mice (Charles River Breeding Laboratories, Inc., Wilmington, Mass.) were anesthetized with sodium pentobarbital. Partial hepatectomy was performed with slight modification by the method of Higgins and Anderson (6) . The left lateral and median lobes, constituting approximately two-thirds of the total liver, were ligated and excised, leaving the right lateral and caudate lobes. Sham hepatectomy was performed with similar exposure of the liver but without removal of any liver tissue.
Preparation of liver cell DNA. Hepatic regeneration after partial hepatectomy was also apparent from measurements of liver weights (Fig. 1B) . The rate of liver weight increase was rapid for the first 4 days after partial hepatectomy and somewhat less rapid during the next 4 days. By 8 days after hepatectomy, liver weight (mean, 1.1 g) was slightly less (Tenser, unpublished data) . At 24 h after the inoculation of TK+ HSV, virus titers in sham-hepatectomized mice, over several time points, were similar to the mean titer in unoperated mice. However, virus titers in partially hepatectomized mice markedly increased, with a peak titer at 60 h after surgery. The mice in the 60-h virus group were inoculated with virus at 36 h after partial hepatectomy, a time when liver cell DNA synthesis was rapidly increasing. The 60-h titer for the partial-hepatectomy group was more than 2 log units greater than that of the two control groups. HSV titers decreased on days 4 and 10 post-hepatectomy, but were still above control values.
TK-HSV infection in liver after partial hepatectomy. After the i.p. inoculation of TK-KOS virus, the hepatic titers of unoperated control and sham-hepatectomized mice were similar (Fig. 3B ). The titers were approximately 100-fold less than those in TK+-infected mice (Fig.  3A) . After partial hepatectomy, we observed a marked increase in the titers of mice sacrificed 60 h after surgery; the average titer was approximately 4 log U greater than the average titer in control mice. In addition, the 60-h KOS TKtiter (8.3 x 105 PFU/g; Fig. 3B ) was almost identical to the 60-h TK+ titer (7.7 x 105 PFU/g; Fig. 3A) . In unoperated and sham-hepatectomized control mice infected with B2006 TK-HSV, the hepatic titers were intermediate between the titers of KOS TK+ and KOS TKviruses (Fig. 3C) . The B2006 TK-titers were similar for mice in both control groups. The mean hepatic virus titer at 60 h after partial hepatectomy was more than 2 log U greater than control values and was similar to the titers of mice infected with the KOS TK+ and KOS TKviruses.
HSV IC titers after partial hepatectomy. As indicated above, after partial hepatectomy, increases in TK+ and particularly in TK-HSV titers were noted in liver homogenates. To further investigate these increases, the numbers of ICs were determined in mice infected with KOS TK+ or KOS TK-viruses. Control unoperated, control sham-hepatectomized, and partially hepatectomized mice were studied. The animals were inoculated i.p. with virus at 36 h after surgery, and liver cell suspensions for IC titrations were prepared 1 or 24 h later. Somewhat surprisingly, 1-and 24-h IC titers were very similar for individual treatment groups ( Table 1) . The ICs in unoperated TK-HSV-infected mice were approximately 10-fold less than those in TK+-infected mice. A similar TK+/TK-difference was observed in sham-hepatectomized mice. After partial hepatectomy, the average number of TK-ICs (7 of 10,000 liver cells) increased in comparison to sham-hepatectomized control (<0.6 of 10,000 cells) and unoperated control (<0.3 of 10,000 cells) values. The (4 of 10,000 cells); this increase was similar to that in hepatic cell-free virus titers (Fig. 3A) . TK-ICs after partial hepatectomy increased more than 10-fold compared with controls, but the increase (14) . Enhanced TK+ HSV replication in regenerating liver cells may be similar to the HSV infection of stimulated lymphocytes (5, 8, 13) . It would be of interest to perform similar studies of hepatic infection by TK+ and TK-HSV-2 since in normal mouse liver HSV-2 replication is greater than HSV-1 (12) .
Somewhat surprisingly, the numbers of liver cell ICs increased greatly during the post-hepatectomy period. The magnitude of the increase in ICs for TK+ HSV was similar to that in cellfree liver homogenate titers during the same time period. However, the magnitude of the cellfree virus increase for TK-HSV was much greater than the increase in ICs. From the magnitude and timing of the increased TK+ and TKcell-free titers and the increase in ICs, it may be hypothesized that the increased TK+ titers were largely due to an increase in ICs and that the increased TK-titers were due, in part, to increased ICs and also to enhanced virus replication in the regenerating liver cells.
